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Abstract: The measured magnetic field parameters 
"f the qliadrupoles WhlCh comprise the final triplet 
le"S system car the the SLAC Linear CDllidW 
intersection region aPe pPeSe"ted here. The mt"im"m 
design gPadie"t specir1cat1ons l-or these q"adP"poles 
are 1.7T/cm at 4.6K and 1.6T/cm at 4.6K in a 0.67 
ext.ernal solenoidal field. These gradients are about 
three times lRPgeP than those available with the 
conventional iron/copper q"adPllpoles now uSed in the 
SLC. SlqlePCo.ldllCti"g quadnlpoles "f two leogths have 
bee" specified hr the SLC tr1p1ets. me elrective 
magnetic length of type 0, is 66.498 + ".3"5cm and oP 
Q* is 121.106 + 0.61cm. me sopercon*ucting 
performance ChaPaCtePiStiCS Of the qKKlrupoles that 
have been meas~ired are: marlmum critical current as a 
f?rnct*on Of bath temperature, rate or change or 
mag.let*r field. and as a percentage *or the "Shot-t 
sample". "Short sample" performance 1,s defined as the 
current reached by the cable in a perpendicular 
magnet*c field equal to the peak rield in the wlndlng 
at bath temperatAre. me maxlmllm gradtent XhieYed 
during testfng was 2.09T/cm (4.25K) and 2.10T/cm 
(3.2K). This repPeSe"ted 95% <Of the strand critical 
cIIPPe"t "nhle. me magnettc length "f the first p 
ua3 men-;,ired tz, b!? 120.85 t ., cm. me F<,i,ri& 
harmoolc coefriclents or the magnetic Pield were 
masured as n fllnrtion hf wrrent and are n?p"Pted. 

Introduction: A pair "f sllpercondlleting triplets 
comprise the prilposed sllperconductlng final f<,CllS 
system. me operational gradient c-or the elements I" 
the trtp1ets is atmat 1.35T/Crn at a beaIr ene?gy Of 55 
GE". This tagher gradient Sh""ld increase the 
lumlnt~~lty by a CBCZIJP cof 1 .6 to 3.2 compared' to the 
present COnYentl"niil SYSkrn. The triplet qlladrlpgoles 
d" not havn iron ShteldS dlE to ttletr physical 
posttlon lnsidr the 0.6T s~len~ldal Pleld of WE 
detector. 

Desfgn and Canstr~c~ 

The design or the 8I.C triplet qlladP"pdle *s 
covered in an earlier paper.l The cross-aectton or the 
96 turn windln~ and collar structure is shown in 
FigtIre I. me Inner windlog dtameter IS five 
centimeters, and the clear apertwe ts 4.6cm. nits 
aperture was ilictatt??d by me backgrolind Padlatldn 
reqliirements <or the experimental detector. A smaller 
aperture W"llld restlIt I" unacceptably high pates cot 
sewmtlary JcattePed electron. The design Of these 
qundrupole3 13 basically stmtlar to the Tevatron 
quadrupoles, exwpt ror the Smallev apert\re. me 
magnetic Tieid was lowered in the ends Of the coil by 
the addlt.lon or 41.X spacers between the LliP"S m?arf?st 

*Operated by ""tYePSit*eS Aesearch Am"C*atlo", Inc., 
""de? contract w,.t,, the 0. s. DPpaPtment of EnePgy. 

+WoPk SllppoPtPd by the DepRPtment Of Enargy. contract 
DE-ACO3-76SF00515. 

FIGURE 1 THIS IS A DRAWING OF THE CROSS-SECTION 

OF THE SLC COLLARED COIL ASSEMBLY. 

the pole. There was no additional attempt to correct 
the harmonics In the ends of these quadrupoles. This 
3mnllw apertwe, and the resulting sharp bends I" the 
COllS, led to turn-to-turn ShOPt,S. ThlS problem was 
901Yed In the early stages Of construct.1on. as 
di3CUssed below. 

AfteP C"nStPNCtiO" began, a breakdown I" 
insulation was encarlntered on the SCCO"d 120cm 
WadtVpOle. W4802. me cable insulation was 
discovered t* have failed at the transit,*" area where 
the cable makes It's way rrom the inner coil to the 
outer coil. Cable damaSe ~85 aI%, evident. This same 
problem cail~ed two additional I2Ocm qmdmpoles (#4800 
and 64R03) which were 11 the prodnctton pipe line to 
fail. The coil pre-stress for Magnets 64R01 and 14803 
was also noticed to be excessive. All coil uindlng 
and assembly was halted at this time. 7%~ insulation 
dnma&?e 1" the transltto" area WAS determined to be 
Callsed by an llntltable cable ge"metPy resulting from 
the t*PtllP"uS path the cable has to follow in the 
transition area. This resulted In the cable moving 
from it’s as-umnd position causing interferences and 
excessive loading during the coil molding and crlrlng 
PPOCfBSeS. A fixture was developed that Soldered the 
cable into a geometrically stable shape I" the 
transition area prl0r to COll wlndlng. Extra 



insulatton was also added at the transltto”. me 
result Of 2hlS “TlX” va3 the ViPtilal ellmlnatlon Of 
layer to layer elmtrlcal Shorts occuring in the 
windings, hot,, beC”re and after the assembly into a 
magnet. The small apert,re had made the ge”metry of- 
thts transition much m<>re sensitfve to shape and 
rigidity tha” had p!‘e”i,,“s1y bee” s?e” in Tevatr”” 
magnets. 

The excesstve coil pm-stress encountered in 
quadrupoles 119802, 64803, and (14800 was traced to a” 
excessive overlap of the Kapt”” Inner wrap Insulation 
around the cable. This res!alted in a build-up during 
the winding process. whtch 1” turn, resulted in high 
molding and collaring pressnres. higIl molding 
pressures can lead t,, tnsulatio” creep and result in 
turn-to-turn Shorts. The ~ltuatlm was remedied by 
Increased quality co”t,‘“l during the cable lnsulati”~ 
pPOCC%S. 

The ~ha~a~terlstl~s ol the strand used to 
fabricate the cable are give” in Table I and the cable 
I” Table II. 

StPa”d Characteristics 

Strand Diameter 0.6807mm 
copper ““l/NbTi “01 1.28/l 

(a) (b) 
NO fil Of Nb’47.5 WGTL 709 570 
Filament dtameteP (pm) 17 19 
Critical Current Oenstty at 61 and 4.2K 
OF-NbTl at an effecttve reslstl”ity “f 
10 ‘2 n-cm (A/rnrn~) 2081 ZlOO 
NO “f twists/cm = 0.8 
Strand coating - 97P S” + 31 Ag 
a) Original Order 
b) Subsequent Order 

Table II 

‘Rutherford’ Style Cable* CharactePtstlcS 
“sing Strand t-ram Table I 

N” “f Strand 23 
Width Of Cable 0.7798om 
Thin Edge Thi~k”ess 0.1168cm 
Thick Edge Thickness 0.1372cm 
Cable Length tmcm Q;, 280 meters 
cable Length 66cm 0, 176 meters 
CPitfCal current at.atgil 
Field point I”_Wi”di”g 7100 * 300 Amps 
(peff - 2 x IO 1% n-cm. 5.85T, 4.250 

*Note: These are the same physical dlmenslons as the 
“Te”atron” cable. 

The lndtvldllal pole coil sizes in SK!, 2602. 
2603, 2604, 2605, and SLQ2 4804 matched to S~O.069mm 
which resulted in a reduction of the C”“l.iET 
coei-ficlents of the mngnettc fields prod~iced. 

Magnet Performance 

The quadr,,poles did S~“W ‘training’; ‘training 
being defined as (m?matnre Supev-conducting to ““r-ml 
state reststive transltl”“!! occurring during early 
powertng cycles. me vartous tPal”ing srenarlos COUlrl 
be slunmarlzed as fo1l”us: The? ctrst quench “Sll.allY 
“ccllrred at or above six Clloampcres (Grad = 
1.68T/Cll). For about rive to ten quenches at slow 
ramp fates (2 t,c 6 amps/set), the qtm,r”pole would 
quench at around sevel kiloamperes (Grad - 1 .96T/cm) 
at 4.2K. a,enctl histories BPC ShOW” In Figure 2. see 
Table R, 8. c. and ” car acttial *ata. 
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RAMP RATE DEPENDENCE OF OUENCH CURRENT 

me energy loss due to eddy currents while 
Pamping the magnet (Joules/cycle) *s g*ven in Table 
III. Typical data ts Sh”“” in Figure 4. me I’ 
cur”at”re Of the hysteresis cycle is due to tile change 
in lndllcta”Ce “f the magnet dlie to deflection caused 
by the krentz lorces. The magnets ape pPOtected by 
9iwl<!h heaters during the testing. The characterfsttc 
7 ohm heater inputs required to quench the magnets 
powered to one kiloamp were in the range 0T 460 Joules 
19 0.14 seconds to 280 J”“leJ in 0.28 .xCOIld3. 

. sum1 

l sL*602 I 

Figure 3A RAMP RATE (AMPS/SEC) 

RAMP RAIE UEPENDENCE OF OUENCII CURRENT 
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Wagnetlc Characteristics 

The integral strength and harmonics WePC rirst 
measured at room temperature by poverlng the 
quadP”P”les ulth 5. IO. 15, and 2” amps. t”slng R 
Potating 1.68m long “Morgan”~ coil. me rd”rn 
temperature rebJt.iw strengths ape given in Table I” 
using the Strength or SK 

6 
64801 - 1. The actual 

measured ratio was 1.815 + .O 6 (Spec. was 1.82,). 

Table I" 

SLOz 4801 INTEGRAL STaENmH (20 L11PSl PER A”? = 0.034 k .00007L & 

CM AMP 

CALC”LATED TRANSFER F”“CTlOn - 2.193 #j& 

- ALL READINGS TO DATE 

The 1.6Rm long rtotating co11 was also Inserted in 
the ap.Yture when the magnet was at liquid helfllm 
temperatlres. The integral gradient and the integral 
Fowier components or the field were mawred at 2000. 
4000, and 4750 amperes DC. me Pamped tmrmonlc 
content oE the magnet field was also measured. Figure 
5 is a el,r”e COT duodecapole a3 a functl”” of magnet 
current. me Cold Strengths Of the various 
q”adP”pole3 are given in Table ” in tePnl9 or 
(Tesla/cm)(cm). 

me integral ““rmalizPd harmon~~cs nt 7kA and 4kA 
are given in Table “I. These harmonics are gtven at 
Icm radius and are normall;red by the gradient at that 
C"PPe"t, l.P., the SeXtlip"lP kPrn n,,rmalized at I,, is 
Rive" by: 

B2($> 
Gauss 
cm”cm) 

Galls3 
= B(Norm21 (II, ipm) 

Bl(I1. --& 

me center Of a qlladrupole is IJet-ined tly the CDnditiO” 
R, and B, ” 0. I.e., no dtpole field. 

PROBE 3 12 POLE SL2603.1 

l- 

-.mm I _---- 

~~~~~ r -.cmx- 
CURRENT 

-,O"!O- 
0 ICC"3 mm Jwo 4wo 5m 

FIGURE 5 THE DwDECAPoLE (NORMALIZEDI IS SHOWN 
AS A FVNCTlON OF CURRENT FOR SLQ 2603 
FOR pi 6000 AMP TRlANG"LPiR CURRENT PULSE 
AS 6 AMPS/SEC 

2601 
2602 
2603 
2604 
2605 
2606 
2607 
2608 
2609 
4801 
4804 
4805 
4806 
4807 

INTEGRAL STRENGTH (%" CM,, 4.2K 

2000 AMPS 4000 AMPS !kzz!um 
37.38 + .lO 
37.47 t .04 75.06 .13 + 

37.52 f .03 75.07 .lO + 88.99 511 + 
37.61 + .05 75.08 .ll + 89.12 .I2 t 

37.43 + .O7 74.93 .15 + 88.99 .I8 + 
37.49 + .13 75.06 ,19 + 89.17 .23 + 
37.42 ,011 t 74.96 409 t 89.11 .12 + 
37.44 + .08 75.06 .12 + 89.17 .23 + 
37.55 + .06 75.21 + .lO 89.38 t .12 

68.11 + .15 136.21 .W + 161.40 .50 + 

68.37 + .lO 136.71 .33 t 162.00 .38 + 

68.05 + .15 136.21 .45 f 161.78 .44 t 

68.11 .27 f. 136.30 .20 + 161.85 .29 t_ 

68.03 + .14 136.18 .39 + 161.50 .29 + 

GRADIENT (TESLA/CM~ 4.2K 

2601 0.5614 ,004 t 
2602 0.5617 ?r .0013 1.120 ,002 + 
2603 0.5624 + .0014 1.121 ,004 + 1.331 ,004 + 
2604 0.5643 t .0014 1.126 ,003 + 1.335 .003 + 
2605 0.5606 + .OOll 1.122 + ,002 1.332 .003 + 
2606 0.5611 t ,0015 1.123 ,002 + 1.333 ,002 + 
2607 0.5606 + .0003 1.122 ,001 + 1.333 ,001 + 
2608 0.5606 + .0005 1.123 ,001 + 1.333 ,001 k 
2609 0.5618 + .0004 1.125 + ,001 1.336 + ,001 
4801 0.5613 + .0018 
4804 0.5635 + .0016 1.123 ,003 + 1.333 ,003 + 
4805 0.5604 + .OOll 1.122 + ,002 1.333 ,005 + 
4806 0.5609 t .0013 1.123 + .002 1.334 ,005 + 
4807 0.56-g t .OOll 1.122 .002 + 1.333 ,004 + 

4 



-1,rnd mtcm.1 H.Plw”IC, 

HUIDIILCS str.&ht sact,on 

x 10’ 

Table “II 
*able “I 

zm 

-5.1” 
.I .,z 
0.15 
0.5’1 
0.65 
1.0, 

-0.60 
5.87 

-0.16 
0.10 
5.11 
0.30 

-0.01 
-0.33 
0.00 
0.00 

2.502 

-0.69 
0.09 
0.32 

-1.10 
0.49 
0.59 
0.09 
6.51 
0.02 
0.21 
0.10 
0.02 
0.00 

-0.34 
0.00 
0.01 

-0.46 
0.1, 
0.83 

-1.22 
0.49 
0.63 
0.08 
6.08 
0.02 
0.03 

-0.11 
0.02 
0.00 

-0.34 

-1 .,Y 
-2.02 
0.16 

-0.18 
-0.0, 
0.9u 

-0.11 
5.11 
o.ou 
0.05 

-0.05 
-0.0, 
-0.16 
0.1, 

-10.09 
- 6.50 
- 0.14 
- 1.58 
- 3.24 
- 1.39 

0.30 
6.35 
0.03 
0.08 
6.53 
0.08 
0.00 
0.00 

-3.61 
2.94 
O.“O 
0.6R 
0.18 

-1.64 
-0.19 
6.37 
0.01 

-o.o* 
-0.16 
0.0” 

-0.05 
1.25 

-0.55 
1.v 

-0.99 
3.50 

-0.36 
6.03 

-0.03 
-0.11 
0.02 
0.26 

-9.1” 
-8.21 
o.,ll 
0.79 
a.21 
1.93 

-0.6, 
7.2, 
0.09 

-0.01 
-0.13 
0.01 
0.01 
0.23 

b.85 1.53 
-4.51 
0.111 

-1 .a 
2.46 

3.25 
3.50 

-0.64 
0.95 
0.1, 
0.04 

-0.35 
5.e 
0.02 
0.04 
0.01 
0.00 
0.03 

-0.27 

0.03 
-8.U 
-0.18 
0.92 
1.25 

-0.25 
-0.25 
5.11 
0.01 

-0.m 
-0.12 
-0.02 
0.02 

-0.28 

5.25 
-0.l8 
0.29 
0.30 
0.29 

-0.53 
5.36 
0.02 
0.05 

-0.03 
-0.01 
-0.02 
-cl.*8 

0.11 
-0.36 

5.35 
0.00 

-0.01 
-0.20 
-0.03 

0.03 
-0.28 

.oata Lake” at 1 kiloam 

-0.18 
0.12 
0.55 
1.12 

-0.64 
2.1? 
o.oi 
5.55 
0.0, 
0.03 
0.08 

-0.16 
0.00 

-0.9 

-0.60 
2.39 

-0.03 
0.69 
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0.24 
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0.15 

-0,s 
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0.03 
0.03 
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0.30 
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0.91 
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0.04 
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0.16 
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5.14 
0.0” 
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-0.23 
-0.03 
0.02 

-0.27 

3.65 
3.51 

-0.10 
0.86 
0.24 
0.03 

-0.32 
5.03 
0.02 
0.03 
0.00 
0.01 
0.03 

-0.27 

-0.34 
-8.54 
-0.26 
0.99 
1.13 

-0.i” 
-0.22 

5.10 
0.00 

-0.07 
-o.lo 
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0.01 
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5.91 
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-0.02 
-0.16 
0.0” 

“801 

-0.89 
“.W 
I .“2 
2.40 

-0.67 
-2.96 
-0.26 
5.61 
0.31 
0.38 
0.04 
0.18 

-0.18 
-0.2, 

0.67 
1.98 
0.68 
0.13 

-0.20 
0.711 

-0.3, 
,.(I1 -0. P5 

-.ou 
4.73 
0.02 

-0.03 
-0.09 
-I.,” 
0.00 

-0.29 

-0.01 
-0.02 
0.10 
0.12 
0.02 

-0.32 
0.00 

-o.rJo 

-0.01 
-o.o* 
-0.18 

II3 - 0.000” *.oo* 

813 - -o.w* t .OOl 
x 10’ 

Zkl 

“806 

-4.63 
-3.9 
-0.32 

0.u 
2.14 

-0.38 
-0.11 

5.21 
-0.04 

0.02 
-0.19 
0.20 

-0.02 
-0.28 

4kl 

4.66 
-3.31 
-0.31 

0.48 
2.00 

-0.35 
-0.10 

5.10 
-0.05 

0.01 
-0.19 

0.20 
-0.02 
-0.28 

48”” 

3.25 
-3.25 
-0.39 
-, .05 
0.41 

-0.68 
0.13 
2.71 
0.01 
0.01 

-0.01 
-0.011 
-0.01 
-0.29 

3.67 
-u.oz 
-0.39 
-1 .Z” 
0.36 

-0.75 
-0.71 
3.30 

-0.65 
-0.95 
-0.01 
-o.o* 
-0.01 
-0.33 

WI5 

2.17 
2.56 

-0.Q 
0.05 

-0. (19 
-0.16 
-0.12 
5.18 
0.01 

-0.02 
-0.19 
0.1” 

-0.02 
-0.28 

2.112 
2.67 

-0.52 
0.06 

-0.13 
-0.18 
-0.42 

4.93 
0.01 

-0.02 
-0.19 
0.!5 

-0.02 
-0.28 

“SO, 

0.29 
I .64 

-0.66 
-0.69 

2.20 
-0.24 
-0.38 
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-0.00 
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-0.21 
-0.04 

0.03 
-0.*8 

0.32 
1.70 

-0.66 
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*.I0 

-0.25 
-0.38 
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-0.00 
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‘0.29 

0.23 
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-0.28 

m1 

-2.56 
1.19 
0.32 

-1.25 
-1 .a 
-o.u* 
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-0.05 
0.03 

-0.08 
0.09 
0.29 

‘0.35 
0.31 
0.0, 

-2.83 
I.“” 
0.30 

-t .30 
-1.04 
-0.51 
0.53 
0.8, 

-0.01 
-0.06 
0.25 

‘0.20 
-0.98 
-0.30 

1.30, 

-0.29 
2.25 

-0.51 
-0.14 
0.31 
O.,, 
0.39 
5.48 

-0.01 
0.02 
0.02 
0.12 
0.02 

-0.32 
0.00 

-a.00 

-0.31 
2.36 

-0.57 
-0.14 
0.27 
0.72 
0.39 
5.19 
0.01 

-0.02 
0.01 
0.10 
0.01 

-0.32 
0.00 

-0.00 

1806 u&l, 

,“: 1::;; 

9 -1.34 -1.12 
2 -, .m 

-1.10 
2 -0.37 

0.31 
ii -0.36 

-0.39 
23 -0.31 

0.00 
i; -0.15 

-0.20 
1t3 -0.88 
813 -0.11 

:z 
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BU 

i: 
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2 

i9’ 
113 
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me next set “I- data Of Interest are me Straight 
section tield strengths and harmonic content. The 
magnet design was originally done to minfmi,..e the 
various non quadrupale components OF the rield. I” 
Table “II, the bOdY field normalized Follrler 
components are given for 2k11 and for 4kR. 

L13 - 0.0004 * ,002 

813 - -0.002 t ,001 
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::: I”::: 
1.* 1.11 
::: :::: 

100 1.1 1.50 
100 6.2 0.9, 
100 1.2 0.6, 

20: 
1.2 0.6, 

Y2 1*o’ -R LL “,S 
1.2 6.00 50 
1.1 6.1 50 
1.t3 1.11 21 
1.19 6.16 21 
1.19 6.58 IP 
1.19 6.3 ,I 
3.3 6.19 50 
3.21 6.99 ,o 
1.21 7.2, IO 
3.7, 6.11 50 
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iLak”26o3 * A/5 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

6 

:t 

2 
200 
*oo 
100 
200 
100 

Z~rCacl 
K, ‘LakA140’ * A/S “is 

:oo 
‘QO 
100 
100 
I00 
50 

:t 

:FJ 

:: 

:i 

jg 

6 

2 
200 

0.z 
u.2 
u.2 
12 
u.* 
II.* 

5.01 I”0 
6.57 5” 
5.3’ ill 
5.81 I* 
i:z ,110 
1.3, 5 

T&k D 

wmcn “Isrow 

hrmcn 

m 

: 

E 

: 
I 
8 

I,’ 

:: 

1: 

:: 
1, 

1: 

:: 

:: 

:: 

:t 

-01 msmnr 

nm”e- 
lb 

3 

: 
: 
‘) 

:: 

:: 
?I 
:: 
:: 
:z 
:: 
:: 

:: 
27 

x ‘%z6b,/s x S”k~2606m I SLPk~260’ur 
100 1.2 
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?W u.2 
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300 L.2 
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(00 1.2 
$00 Y.i 
900 1.2 
2Y u.* 
t I.1 
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u.2 
1.2 
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1.1 
1.2 
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Table E 
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1 30. 
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2601 
“2 -0.wt.01 
BZ -1.zZt.Ol 
L3 -o.alt.Od 
B3 ‘.21,.02 
“U 1.221.12 
8” -1.90*.0” 
“5 -0.631.31 
85 8.6ii.31 
“6 o.oat.o(i 
86 0.11~.00 
“8 -0.06t.01 
88 D.*6*.00 
“9 0.00t.00 
BP 0.“0*.00 

“2 -0.38f.01 
82 0.10f.00 
Al 0.55,.Ol 

2 ‘.39t,a’ 0.~3t.00 
81 2.3st.0, 
A5 0_02*.00 
85 5.1101.00 
16 -O.o”f,Ol 
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A9 D_Oo*.oO 
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811 
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-1.9,*.00 
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0.91t.04 
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:::::::: 
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-1.20*.02 
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2605 
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-O.iAf.OO 
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-O.Oif.OO 
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-5.001.00 
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0.0,*.01 
-O.oBf.Ol 
1.01*.ot 

-I.o”*.ll 
0.61f.ll 

-O.llit.Ol 
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0.09*.01 
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o.mt.oo 

-0.01*.00 

-0.5Ut.00 P.Ui.0, -O.o”*.m 0.10*.01 -0.2,*.00 O.llf.l)l 
x::: -0.01t.00 -0.cli.00 0.IOt.01 O.l?t.Ol 0.40*.00 -o.m*.m 

0. 

-,.60..01 
-2.16f.01 
O.P(l,.Ol 
1.,1*_01 
0.16f.40 
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